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Milestone Definition

ωάhǇǘƛŎŀƭ ŜŘƎŜ ǎŜƎƳŜƴǘǎ ŘŜƳƻƴǎǘǊŀǘŜ ǎŎŀǘǘŜǊ ǇŜǊŦƻǊƳŀƴŎŜ 
consistent with solar glint lobes fainter than visual magnitude 25 
ŀŦǘŜǊ ǊŜƭŜǾŀƴǘ ǘƘŜǊƳŀƭ ŀƴŘ ŘŜǇƭƻȅ ŎȅŎƭŜǎΦέ

ωWe interpret as follows:

ςApplies to full range of wavelengths and sun angles for WFIRST 
StarshadeRendezvous (SRM) and Habexmissions.

ςAzimuthally averaged brightness at and beyond the inner working 
angle (IWA), which is nominally the angle from center to the outer tips 
of the starshade.

ωThis is consistent with the planet being equally likely to appear anywhere 
around the IWA.

ςTesting includes:

ωBend and release cycling

ωDeployed thermal cycling consistent with the expected number of thermal 
cycles.
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Milestone Review was held with ExoTACJan 15, 2020

ωExoTACconcluded that Milestone 3 has been met.

ωSome minor changes and clarifications to the report have been 
completed.

ωA key result was that environmental testing, including thermal 
cycling and stowed bending and release did not significantly 
change the edge scatter performance.

ωSome scatter degradation is observed due to the manufacturing 
process. This will be the focus of future work.

ωAfter post-environmental testing had completed, we received 
game-changing coated edge coupons that improve glint 
performance by an order of magnitude.  These will be fully 
characterized and tested in future work.
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Optical Edge Design Overview
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The optical edge:

ωPrecisely defines the perimeter 
of the petal

ωIs constructed with 0.75-1.1m 
long segments

ωIs bonded to the continuous 
CFRP structural edge

Edge 
segment

Continuous 
Structural Edge
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Optical Edge Cross Section

Optical Edge Cross Section

ωThe terminal edge is photochemicallyetched amorphous metal foil

ωSubstrate is used to lock in the etched shape before bonding it to 
the larger structure

ωThe structural edge is the outer perimeter of the petal structure

ωA two step bonding operation using EA9394 is implemented

ςDƭŀǎǎ ōŜŀŘǎ ǳǎŜŘ ǘƻ ŜƴŦƻǊŎŜ лΦллрέ bondline
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EA9394 

* Not to scale
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Amorphous Metal

Minimizing the terminal radius 
reduces scattered sunlight
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Etched amorphous metal yields a 
terminal radius of <1µm radius
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Test Articles
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500mm long segment

25mm x 50mm coupons
ωManufactured in parallel with segments

ωHalf scale in length, but all other dimensions (thicknesses and 
widths) are full scale

ςSegment can be lengthened without affecting stresses in the cross section

ω10mm amplitude sine wave mimics curvature of petal
500mm length

10mm amplitude
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Experiments
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Stow/Deploy Cycles

ωSimulate the number of bend & release cycles that a 
flight article will experience

ωTest articles stow 10x to a radius of 1.125m (stowed 
truss radius) using a 4pt bending fixture

ςLoads shown to be conservative relative to petal analysis

Deployed Thermal Cycles

ωTest Temperatures: +105ϲC / -125ϲC

ςBased on starshadesystem analysis

ωResults in 25ϲC margin on hot, 29ϲC margin 
on cold side based on system thermal model

ωMinimum of 25x cycles on each test article

Representative system model, some 
components removed for clarity
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Glint Geometry and Lobe Shape
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ωBased on testing over several years, we found that specular edges result in 
reduced overall scatter.

ωSpecular edges lead to two glint spots concentrated on the edges that are 
ΨōǊƻŀŘǎƛŘŜΩ ǘƻ ǘƘŜ ǎƻƭŀǊ ƛƭƭǳƳƛƴŀǘƛƻƴΦ

ωThe reflection is polarization-dependent  and we account for this in our 
calculations, and measure it with the multi-angle scatterometer(MAS). We 
ƳŜŀǎǳǊŜ Ψ{Ω ǇƻƭŀǊƛȊŀǘƛƻƴ ǿƛǘƘ ǘƘŜ ǎƛƴƎƭŜ-angle scatterometer(SAS).
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Glint for Different StarshadeMissions
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ωL is total length of the starshadepetals (scales linearly with diameter, varies 
with design).

ωlis wavelength.  Glint is brightest in the red channels.

ωZ is distance between the starshadeand telescope

ωGlint is nominally flat over the range of Sun angles (40-83 deg) with an ~ 50% 
uptick at the high end.

ωGlint is a combination of reflected and diffracted light.  
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SRM ñgreenò band is the driving case.
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Optical Scatter Measurement Instrumentation: 
Multi -Angle Scatterometer(MAS)
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ωThe MAS measures a 3 mm 
region of a 50 mm long 
coupon.

ωIt rotates the sample in (q,f) 
to measure the scatter 
function.

ωIt is set up with a 30 
arcminute field to mimic the 
angular size of the sun.

ωIt produces a scatter 
ΨheatmapΩ ǎƘƻǿƛƴƎ ǘƘŜ 
fractional scatter vs. angle.

ωThe fractional scatter is 
calibrated against the direct 
beam when the edge 
sample is removed.

Collimated
f iber source

qrotation

Camera ND filters
and Polarizer

Coupon
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Optical Scatter Measurement Instrumentation: 
Single-Angle Scatterometer(SAS)
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ωThe SAS measures the scatter 
over a fixed range of angles 
(nominally 30 degwide) 
spanning 45 ς75 deg.

ωIt measures along the length 
of an edge segment or coupon 
with ~ 10 um resolution.

ωMeasurements are typically 
averaged over 1 mm.

ω¢ȅǇƛŎŀƭƭȅ ƳŜŀǎǳǊŜ ǘƘŜ Ψ{Ω 
polarization

ωSAS does not measure an 
absolute scatter value: by 
measuring coupons, we 
determine the scale factor 
between the MAS and SAS.

Camera

Shear Sensor

Laser Launcher

Half - Meter Segment

Calibration Coupon

Image spanning 1 mm


